More and more frequently the presence of executive function deficits appears in the research literature in conjunction with disabilities that affect children. Research has been most directed at the extent to which executive function deficits may be implicated in specific disorders such as attention deficit hyperactivity disorder (ADHD); however, deficits in executive function have been found to be typical of developmental disorders in general. The focus of this paper is to examine the extent to which one frequently used measure of executive function, the Wisconsin Card Sorting Test (WCST), demonstrates sensitivity and specificity for the identification of those executive function deficits associated with ADHD as well as its use with other developmental disorders through meta-analytic methods. Evidence of sensitivity of the WCST to dysfunction of the central nervous system is reviewed. Effect sizes calculated for all studies compared groups of children on differing variables of the WCST. The results of this meta-analysis suggest that across all of the studies, individuals with ADHD fairly consistently exhibit poorer performance as compared to individuals without clinical diagnoses on the WCST as measured by Percent Correct, Number of Categories, Total Errors, and Perseverative Errors. Notably, other various clinical groups performed more poorly than the ADHD groups in a number of studies. Thus, while impaired performance on the WCST may be indicative of an underlying neurological disorder, most likely related to frontal lobe function, poor performance is not sufficient for a diagnosis of ADHD. Implications for further research are presented.
More and more frequently the presence of executive function deficits appears in the research literature in conjunction with disabilities that affect children. In fact, across the existing research, findings suggest that deficits in executive function are evidenced by children with and without identified disabilities. Research has been directed at the extent to which executive function deficits may be implicated in specific disorders such as attention deficit hyperactivity disorder (ADHD), substance abuse, learning disabilities, and autism. In fact, deficits in executive function have been found to be typical of developmental disorders in general (Pennington, Bennetto, McAleer, & Roberts, 1996) .
Executive function is a multi-faceted construct that has been conceptualized within a variety of contexts. At the most global level, executive function is comprised of those composite psychological processes necessary for problem-solving (Zelazo, Carter, Reznick, & Frye, 1997) and planning (Lezak, 1995) . There are, however, no unambiguous indicators of executive function or dysfunction (Morgan & Lilienfeld, 2000) . In fact, the complexity of the construct and multifaceted nature of executive functions results in serious conceptual problems when trying to establish specificity of deficits and behavioral constellations (Morgan & Lilienfeld, 2000) . In addition, executive tasks are not pure measures of a single skill, and as a result, an individual's performance on these tasks can be contaminated by the ability to perform the non-executive requirements of the task (Collette & Van der Linden, 2002) . In addition to overall reliability and validity of results obtained, it is important to show that not only do specific executive function tasks differentiate clinical from non-clinical populations, but also that they effectively discriminate among various clinical populations. The focus of this paper is to examine the extent to which one frequently used measure of executive function, the Wisconsin Card Sorting Test (WCST; Berg, 1948; Grant & Berg, 1948) , demonstrates sensitivity and specificity for the identification of those executive function deficits associated with ADHD as well as for other developmental disorders; its use with children and adolescents was the focus of this review and subsequent meta-analysis.
WCST
The Wisconsin Card Sorting Test was introduced as a test of problem-solving and decisionmaking in 1948 (Berg, 1948; Grant & Berg, 1948) . Currently, the WCST is used as a measure of such executive functions as use of external cues to guide behavior, self-monitoring, and tendency to perseverate. In addition, it is frequently used as a measure of hypothesis generation and ability to shift response (Goldstein & Green, 1995) . The WCST is a commonly used measure with both clinical and research utility. Over 115 articles have reported using WCST as a primary measure since 1981 (Axelrod, Greve, & Goldman, 1994) . In addition, 75% of neuropsychologists reported using the WCST as part of their battery (Butler, Retzlaff, & Vanderploeg, 1991) . Although the WCST was originally designed for use with adults, the most recent manual for the WCST (PAR; Heaton, Chelune, Talley, Kay, & Curtiss, 1993) lists norms for children from 6 years, 6 months of age through adulthood. The measure is sensitive to developmental and maturational changes; although adult level performance on the WCST was originally believed to be achieved by 10 years of age (Chelune & Baer, 1986) , more recent findings have suggested a more protracted development continuing well into adolescence Downloaded from https://academic.oup.com/acn/article-abstract/19/8/1027/2435 by guest on 09 December 2018 (Heaton et al., 1993; Lin, Chen, Yang, Hsiao, & Tien, 2000; Paniak, Miller, Murphy, Patterson, & Keizer, 1996) .
The WCST requires the examinee to discern the sort criterion of a set of cards based upon "correct" versus "incorrect" feedback given by the examiner. After correctly matching a card according to a stimulus feature (color, form, or number) for 10 consecutive trials, the matching feature changes. This occurs six times or until all 128 cards are administered, whichever comes first. Successful performance on the WCST requires that an individual determine the correct response in dimension and then maintain responding to that dimension. The problem-solving component involves considering a variety of hypotheses and rejecting them if they prove incorrect based on the feedback received.
For a measure to be clinically useful, it also must contribute to the clinical aspects of differential diagnosis, rehabilitation, or prediction of outcome (Prigatano, Parsons, & Bortz, 1995) . Impaired performance on the WCST has been noted in individuals with differing diagnoses. Taken together, it has been suggested that the WCST's specificity may be less robust than its sensitivity (Heaton et al., 1993) ; that is to say that individuals with a variety of disorders may demonstrate impairment on the WCST. In order to empirically examine the sensitivity and specificity of the WCST results with children, a meta-analysis of the extant research literature was undertaken.
Method

Procedure
A total of 32 journal articles and 1 dissertation were identified that reported results of children or adolescents with some clinical disorder on variables of the WCST. These studies were identified through an initial search of PsychInfo, Medline, and ERIC for years from 1984 to 2002 using key words of "Wisconsin Card Sorting Test," and "ADHD or Attention Deficit Hyperactivity Disorder or Attention Deficit Disorder." This search yielded 30 journal articles and 9 dissertations, after accounting for overlapping entries. Studies involving adult participants and studies that did not contain mean scores on the WCST were excluded. Additional searches were conducted in an effort to identify articles containing WCST in studies of other clinical disorders of childhood. These studies were identified through a search of PsychInfo, Medline, and ERIC for years from 1984 to 2002 using the key words of "Wisconsin Card Sorting Test" and "children," as well as a search using the key words of "Wisconsin Card Sorting Test" and "adolescen * " Additional references were generated from the review of the cited articles. Only those studies that contained data regarding Wisconsin Card Sorting Test performance for a clinical group as well as a control and/or additional clinical group were included.
Effect size (ES) was calculated for each WCST variable within each study. ES values were computed to transform data to a common metric. ES was calculated using Cohen's d. Cohen's d has been recommended as the measure of effect size in neuropsychological research (Zakzanis, 2001 ). Cohen's d is computed by dividing the difference between group means by the pooled standard deviation weighted by sample size. In interpreting the magnitude of d, Cohen's conventional frame of reference (1988) was used such that an effect size of 0.2 corresponded to a small effect, 0.5 a medium effect, and 0.8 a large effect. A mean effect size for each WCST variable was calculated using both unweighted and weighted estimates. In the weighted estimates, greater weight was given to larger studies by weighting each study effect size by its respective sample size.
Results
WCST in studies of ADHD
A number of studies have suggested that children with attention deficit hyperactivity disorder (ADHD) demonstrate deficits in executive function (Chelune, Ferguson, Koon, & Dickey, 1986; Heilman, Voeller, & Nadeau, 1991; Mattes, 1980) . Across studies, differences between children with ADHD and groups of typically developing children most often are found on variables related to response inhibition (Barkley, Grodzinsky, & DuPaul, 1992; Goodyear & Hynd, 1992; Grodzinsky & Diamond, 1992) . Barkley (1997a) argued that ADHD-combined type is best represented as a deficiency in response inhibition (disinhibition) and the capacity to delay responding.
Past studies have examined the theoretical position that executive functioning as measured by the WCST plays a role in the manifestation of ADHD symptoms; however, results have been mixed. A meta-analysis was conducted to examine, across studies, the ability of the WCST to discriminate ADHD groups from non-clinical groups (sensitivity), as well as its ability to discriminate ADHD groups from other clinical groups (specificity). Variation of effect sizes was found both within WCST variables across studies as well as across WCST variables. Table 1 presents a summary of the studies that compared groups of children with ADHD to a presumably normal control group with the effect sizes for the different WCST variables. Four of the WCST variables including Percent Correct, Total Errors, Number of Categories, and Perseverative Errors, had medium weighted average effect sizes. In addition, Perseverative Responses demonstrated close to a medium effect with an obtained mean weighted effect size of 0.46. The WCST variables of Non-perseverative Errors and Failure to Maintain Set demonstrated small effect sizes. The variable of Total Correct obtained a negative effect size; however, little interpretation should be given to this result since only two studies contained data on this variable. Thus, these studies support the sensitivity of specific WCST variables to the presence of ADHD.
Studies that included not only groups of children with ADHD, but also included some other clinical group are presented in Table 2 . Means of effect sizes were not calculated due to the variability in clinical groups. Overall, the effect sizes were quite low, often falling within the negative range suggesting that the clinical group performed worse than the ADHD group. For example, in a comparison of children with a learning disability to children with ADHD (Snow, 1999) , a medium negative effect size was obtained on Number of Categories, suggesting that the children with ADHD performed better than the children with a learning disability. Contrasting results were obtained in Pennington's (1993) study with a positive medium sized effect on the Number of Categories variable suggesting a moderate difference between the children with ADHD versus the children with a reading disability. Overall, these findings suggest that impairment on the WCST is not specific to ADHD, but may be more specific to other disorders.
WCST and learning disorders
Individuals with learning disabilities have been shown to demonstrate deficits in executive function and decreased performance on the WCST (Lazar & Frank, 1998; Snow, 1998) . Only one additional study, other than those included in Table 2 , included results of the WCST for groups of children with learning disabilities. In a study conducted by Helland and Asbjørnsen (2000) , large effect sizes were obtained on three WCST variables: Number of Categories, Total Errors, and Non-perseverative Errors. However, such a link has not been definitive in that other research has not found significant differences on the WCST by children with learning disabilities (Barkley et al., 1992) . It has been suggested that the developmental trend of performance on the WCST by children/adolescents with learning disabilities and normal participants is similar, but the overall performance of children with a learning disability at each age level is below that for normal children (Snow, 1998) .
WCST with conduct disorder
Children and youth manifesting other disruptive behavior disorders (e.g., conduct disorder, oppositional defiant disorder) have been shown to demonstrate deficits in executive function and decreased performance on the WCST (Morgan & Lilienfeld, 2000) . For example, in a study conducted by Lueger and Gill (1990) , adolescents with conduct disorder performed more poorly on conceptual perseveration. In a meta-analytic review of the relationship between antisocial behavior and neuropsychological measures of executive function, including the WCST, Morgan and Lilienfeld found a medium sized average weighted mean effect of 0.62 standard deviation difference between groups with antisocial behavior and comparison groups. In the studies from Morgan and Lilienfeld's meta-analysis that utilized the WCST and involved children and adolescents, mean weighted effect sizes of 0.43 and 0.52 were obtained for the WCST variables of Perseverative Errors and Categories obtained. One additional study was identified (Kim, Kim, & Kwon, 2001 ) that demonstrated a large effect size of 1.10 between the performance on the WCST variable of Total Correct by adolescents with conduct problems compared to a control sample.
WCST with autism spectrum disorders
A number of studies have examined WCST performance by individuals with autism spectrum disorders (see Table 3 ). Rumsey (1985) found deficits in high-functioning verbal adults with autism on most WCST variables, including Number of Categories completed, Total Errors, Perseverative Responses, and Perseverative Errors. Similarly Ozonoff, Pennington, and Rogers (1991) demonstrated that children with autism with IQs in the normal range perseverated on the WCST significantly more than a matched group with learning disabilities. However, in another study comparing individuals with autism to matched controls, it was found that although significantly fewer categories were sorted by the autistic group, no difference on measures of perseveration emerged (Rumsey & Hamburger, 1988) . Ozonoff (1995) found significant group differences on the standard administration of the WCST between a group of children and adolescents with autism versus a normal control group with effects ranging from 0.99 to 1.54.
WCST and anxiety and mood disorders
Children with anxiety disorders also have been shown to display more total errors and more Perseverative Responses, as well as displayed difficulty in using the negative feedback productively suggesting a rigid adherence to a specific pattern and a decreased ability to shift focus (e.g., Toren et al., 2000) . Research evaluating individuals with depression has found mixed results regarding WCST performance. Some studies have suggested that adults with depression show marked deficits on the WCST (Channon, 1996; Degl'lnnocenti, Ågren, & Bachman, 1998; Martin, Oren, & Boone, 1991) , while others did not find such deficits (Fossati, Amar, Raoux, Ergis, & Allilaire, 1999) . The WCST performance of children with depression has not yet specifically been researched.
WCST and psychotic disorders
Deficits in Wisconsin Card Sorting Test performance have been noted in individuals with schizophrenia. Such decreased performance includes achieving fewer categories than controls and making more perseverative responses and errors (Beatty, Jocic, Monson, Katzung, 1994) . However, the results from one study suggested that the WCST performance by individuals diagnosed with schizophrenia versus normal controls no longer differed significantly when educational level was considered as a covariate (Stratta, Prosperini, Daneluzzo, Bustini, & Rossi, 2001) . Because of the late onset characteristic of schizophrenia, few studies have researched WCST performance by children with schizophrenia. Results of a study conducted by Schneider and Asarnow (1987) yielded an effect size of 0.73 when Perseverative Responses of children with schizophrenia was compared to normal controls. In examinations of the WCST performance by adolescents with schizotypic personality traits, no differences were found in comparison to normal adolescents (Lin et al., 2000; Obiols et al., 1997) . However, Diforio, Walker, and Kestler (2000) found that adolescents meeting diagnostic criteria for schizotypal personality disorder were impaired on a modified version of the Wisconsin Card Sorting Test.
Discussion
Knowledge of a test's sensitivity, as well as its specificity, is of great importance and utility to a psychologist. The Wisconsin Card Sorting Test has long been a measure of frontal lobe function commonly used in the neuropsychological evaluation. Although providing insight into the problem-solving abilities of an individual, the ability of the WCST to aid in differentiating diagnoses has been questioned. This in part may be due to the fact that executive function deficits may not be unique to specific disorders, such as ADHD, but may in fact be characteristic of other clinical populations in general. The results of this meta-analysis suggest that across all of the studies, individuals with ADHD fairly consistently exhibited poorer performance as compared to normal controls on the WCST, with particular decreased performance on Percent Correct, Total Errors, and Perseverative Errors, as evidenced by each variable's mean weighted effect size of 0.5 or greater. Notably, failure to maintain set, a variable frequently reported, was minimally sensitive to the presence of ADHD. When interpreting effect sizes, it is important to also view the effect in terms of percent overlap between the groups, in this case the percent overlap between ADHD groups and control groups. With an effect size of 0.50, there still exists a 66% overlap in scores (Cohen, 1988) .
Although more research is needed in this area due to the sparse number of studies containing WCST for both ADHD and clinical groups, the eight studies found to contain such data showed little effect in discrimination between the groups. In fact, the various clinical groups performed more poorly than the ADHD groups in a number of studies. Thus, while impaired performance on the WCST may be indicative of an underlying neurological disorder, most likely related to frontal lobe function, poor performance is not sufficient for a diagnosis of ADHD.
One point that is further emphasized through this study is the conceptual confusion regarding the construct of executive functioning. Certainly, the WCST is an executive function task that appears to tap multiple functions of the prefrontal cortex, as well as tapping non-executive components, which are most likely not specific to prefrontal cortices. This multi-componential nature is inherent in executive functioning tasks and likely contributes to the WCST's decreased ability in differentiating clinical patterns. Given the morphological and functional diversity of frontal cortices and the interactions with non-frontal cortices, it is not surprising that the WCST alone fails to discriminate adequately between individuals with different clinical diagnoses. Furthermore, developmentally, it may be more difficult to identify deficient executive processes in younger children than in older children because such abilities develop throughout childhood and adolescence.
Limitations of the present study include its absence of clinical groups involving relatively focal acquired lesions in such regions as the dorsolateral prefrontal cortex, medial temporal lobes, etc. The inclusion of diverse clinical groups, each of which likely involves a mixture of individuals with putative diffuse congenital brain injury, putative focal injury, and some with no brain injury limits this study's examination of specificity. The variability making up each of the clinical groups weakens the interpretation of the results. For example, in many cases, the clinical groups across studies are quite different varying in a number of factors such as the size of the groups and diagnostic criteria. This results in a fair amount of variability within each of the clinical groups, and therefore, contributes to decreased ability in differentiating the different clinical groups.
Within the group of children and adolescents diagnosed with ADHD, there is need for further investigation of performance of children with ADHD by subtypes given suggestions that the attentional components of the subtypes are qualitatively different (Barkley, 1997b) . In addition, given that males made up the majority of participants in the studies included in this meta-analysis, an investigation of gender effects needs to be pursued. The effect of age is another area of study that is needed. Additional studies may focus on comparing performance of groups with ADHD to various other clinical groups with potential confounds such as cognitive ability controlled. A final area in which further study is needed involves the exploration of cognitive functions other than attention and disinhibition that may be tapped by the WCST and may facilitate the use of the WCST in the clinical process. Continued efforts in attempting to achieve a better understanding of the cognitive nature of impairment in WCST performance may improve the extent to which results can inform the diagnostic process and treatment planning.
